ABSTRACT -Context -Methotrexate and other anticancer agents can induce intestinal mucositis, which is one of the most common limiting factor that prevent further dose escalation of the methotrexate. Objectives -To evaluate the gastric emptying and gastrointestinal transit of liquids in methotrexate-induced intestinal mucositis. Methods -Wistar rats received methotrexate (2.5 mg/kg/day for 3 days, subcutaneously) or saline. After 1, 3 and 7 days, sections of duodenum, jejunum and ileum were removed for assessment of epithelial damage and myeloperoxidase activity (biochemical marker of granulocyte infiltration). Others rats were pre-treated with methotrexate or saline, gavage-fed after 3 or 7 days with a standard test liquid meal, and sacrificed 10, 20 or 30-min later. Gastric and small intestine dye recoveries were measured by spectrophotometry. Results -After 3 days of methotrexate, there was an epithelial intestinal damage in all segments, with myeloperoxidase activity increase in both in duodenum and ileum. Seven days after methotrexate, we observed a complete reversion of this intestinal damage. There was an increase in gastric dye recoveries after 10, 20, and 30-min post-prandial intervals after 3 days, but not after 7 days, of methotrexate. Intestine dye recoveries were decreased in the first and second segments at 10 min, in the third at 20 min, and in the second and third at 30 min, only after 3 days of methotrexate treatment. Conclusion -Methotrexate-induced intestinal mucositis delays gastric emptying and gastrointestinal transit of liquids in awake rats. HEADINGS -Mucositis. Methotrexate. Gastric emptying. Gastrointestinal transit. Rats.
INTRODUCTION
Methotrexate (MTX), an antimetabolite, is widely used in current clinical practice for the treatment of neoplasias, psoriasis, rheumatoid arthritis and Crohn's diseases. MTX is a folic acid antagonist (6, 13) , inhibiting dihydrofolate reductase, an essential enzyme of DNA and RNA synthesis. The efficacy of MTX is often limited by severe side effects and toxic sequelae (2) , such as bone marrow supression, oral and intestinal mucositis. The gastrointestinal toxicity is one of the most common limiting factor that prevents further dose escalation of MTX (7) . Methotrexate and other anticancer agents can induce intestinal mucositis that is a mucosa inflammation with intestinal damage. Duncan et al. (5) proposed that intestinal mucositis develops through three inter-linked stages of increasing epithelial dysfunction: the initial inflammatory phase, the epithelial degradation phase, and the ulceration/bacterial phase. Subsequently, there is a re-establishment of functional epithelial (16, 22) . Recently, Miyazono et al. (14) demonstrated that neutrophil infiltration and oxidative stress were involved in MTX-induced intestinal mucositis.
Cancer chemotherapy-related upper gastrointestinal symptoms have been associated with delayed gastric emptying and may include early satiety, anorexia, nausea and vomiting. This set of symptoms is often considered as cancer-associated dyspepsia syndrome (CADS), but its pathophysiological mechanisms are not established yet (12) . The literature shows that other types of dyspepsia, such as functional dyspepsia (23) and NSAID-induced dyspepsia (20) , could be secondary to gastrointestinal dysmotility. In the present study, we evaluated the effect of MTX-induced intestinal mucositis on gastric emptying and gastrointestinal transit of a liquid test meal in awake rats.
METHODS

Animals
Male Wistar rats (180-220 g), provided by our Institution's Central Station, were kept in a temperature controlled room with water ad libitum, and fasted for 24 h before all experiments. All animal treatments and surgical procedures were performed in accordance with the Brazilian College of Animal Experimentation (COBEA), and were approval by local ethical committee.
Methotrexate-induced intestinal mucositis
A model for experimental intestinal mucositis in Wistar rats was used as described previously (24) . The rats were randomly assigned to four groups of at least six animals, and were treated with MTX (2.5 mg/kg/day, s.c.; Mayne Phar, USA) or vehicle (saline) for 3 consecutive days. After 1, 3 or 7 days, the rats were sacrificed by cervical dislocation, and intestinal tissue samples were harvested and prepared for histological studies. Other tissue samples of the same region were excised and immediately frozen at -70 o C for later measurement of myeloperoxidase (MPO) activity. Blood was taken by heart puncture for determination of total and differential leukocyte count.
Intestinal morphometry and histopathology
Samples of duodenum, jejunum and ileum segments were harvested from the animals. A 3-cm segment of duodenum immediately proximal to the ligament of Treitz, a 6-cm section of distal ileum adjacent to the ileocecal valve, and a 6-cm segment of jejunum were collected. The specimens were then fixed in 10% neutral buffered formalin, embedded in paraffin, sectioned (5 µm) and stained with hematoxylin and eosin.
Measurements of the villus heights (from the tip of the villus to the villus-crypt junction) and crypt depths (defined as the depth of the invagination between adjacent villi) were performed by light microscopy using a calibrated micrometer (10x). Ten intact and well-oriented villi and crypts were measured and averaged for each sample.
Intestinal MPO activity
MPO is an enzyme found primarily in the azurophilic granules of the neutrophils and has been extensively used as a biochemical marker of granulocyte infiltration into various tissues, including the gastrointestinal tract. The extent of neutrophil accumulation in the intestinal mucosa was measured by MPO activity assay as previously described (1) . Briefly, 50-100 mg of intestinal tissues was homogenized in 1 mL of hexadecyltrimethylammonium bromide (HTAB) buffer (Sigma) for each 50 mg of tissue. The homogenates were then centrifuged at 4500 rpm for 7 min at 4°C. MPO activity in the resuspended pellet was assayed by measuring the change in absorbance at 450 nm using o-dianisidine dihydrochloride (Sigma) and 1% hydrogen peroxide. The results were reported as MPO units/mg of tissue. A unit of MPO activity was defined as that converting 1 µmol of hydrogen peroxide to water in 1 min at 22° C.
Leukocyte count
Leukocyte counts were performed by standard methods (18) . The rats were anesthetized with an ether overdose, and a heart puncture was then performed for the collection of samples. The total number of leukocyte was determined by using samples diluted in Turk's solution counted in a Neubauer chamber. Results were expressed as number of leukocytes per mL of sample.
Measurement of gastric emptying and gastrointestinal transit
For gastric emptying and gastrointestinal transit measurements, we used a modification of the technique previously described (17) . Firstly, rats were randomly allocated into the two groups: control (saline), MTX (2.5 mg/kg/day s.c.) for 3 consecutive days. After 3 or 7 days, rats were gavagefed (1.5 mL) with a standard liquid test meal containing a nonabsorbable marker (0.5 mg/mL phenol red in 5% glucose). After 10, 20 or 30 min, rats were killed by cervical dislocation. The stomach and small intestine were exposed by laparotomy, quickly clamped at the pylorus, cardia, and terminal ileum, and then removed. The stomach and small intestine from the gastroduodenal junction to the cecum were carefully stretched along a meter-stick on a plain table top and divided into the following segments: stomach and five consecutive intestinal segments (P1-P5). Each segment was placed in a measuring cylinder and the volume measured by adding 100 mL of 0.1 NaOH. They were cut into small pieces and homogenized for 30 seconds. The suspension was allowed to settle for 20 min at room temperature and 10 mL of the supernatant was centrifuged for 10 min (2800 rpm). Proteins in 5 mL of homogenate were precipitated with 0.5 mL of trichloroacetic acid (20% w/v, Reagen, Rio de Janeiro, RJ, Brazil) and pelleted by centrifugation for 20 min (2800 rpm), and 3 mL from the supernatant were added to 4 mL of 0.5 N NaOH. The absorbance of the sample was read at a wavelength of 540 nm and expressed as optical density (OD). A standard dilution curve was obtained in each experiment relating the concentration of phenol red to the optical density of the solution in 0.1 N NaOH solution. The linear correlation coefficient for the standard dilution curve (a) was established and used to determine the concentration (C) of the solution read at 560 nm (C = OD) and afterward the amount of phenol red (m) recovered from each segment (m = C x volume). The percent recovery of phenol red in each segment (x) was expressed according to the following formula: recovery in segment x 5 (amount of phenol red recovered in the segment/total amount of phenol red recovered from all six segments).
Statistical analysis
The results are reported as means ± S.E.M. for each group. Statistical analysis of the results was performed using analysis of variance (ANOVA) followed by Bonferroni's test. The differences between groups were considered significant at P<0.05.
RESULTS
Only after 3 days of MTX-treatment, there was a significant (P<0.05) shortening of the villi ( Figure 1A ), increase in crypt depth ( Figure 1B ) and decrease in villus/crypt ratio ( Figure  1C ), in the duodenum, jejunum and ileum. Seven days after MTX-treatment, we observed a complete reversion of this intestinal damage.
MPO activity after 3 days of MTX treatment, which was not observed after 7 days in all segments (Figure 2 ). 
FIGURE 2.
Neutrophil infiltration in the duodenum, jejunum and ileum, measured by a myeloperoxidase (MPO) activity assay, from rats treated with 2.5 mg/kg MTX (1, 3, 7 days after treatment) or vehicle (control, C). Animals were killed and samples from the portions of the intestine (duodenum, jejunum and ileum, respectively boxes A, B and C), were weighed, frozen and stored at -70ºC until the MPO activity assay. Results are presented as MPO (U per mg tissue) and reported as means ± SEM for at least six rats for group*, P<0.05 compared to control after ANOVA and Bonferroni's test
It was observed a significant (P<0.05) leukopenia with MTX treatment at all experimental time points (day 1 = 4400 ± 298.3 cells/mL, day 3 = 5938 ± 1447 cells/mL, day 7 = 5030 ± 1014 cells/ mL), when compared with control (9270 ± 1660 cells/mL). In the panel A, we can see that there was a significant decreased in the IDR at the second segment after 7 days of MTX-treatment.
DISCUSSION
Gastrointestinal symptoms are the most frequent side effects of antineoplasic chemotherapy, with nausea and vomiting being the main symptoms. However, after the introduction of serotonin receptor antagonists into clinical practice, a dramatic improvement was observed in the management of acute and/or delayed emesis (6) . On the other hand, cancer patients may suffer other gastrointestinal symptoms, quite different from emesis, such as dyspepsia, dysphagia and diarrhea, which are not controlled by antiemetic drugs (19) . That cluster of symptoms has been referred to as CADS. Recent research suggests that abnormal gastrointestinal motility may also be a cause of CADS (15, 19) . One of the most serious side effects during the MTX treatment is gastrointestinal toxicity. Diarrhea and dyspepsia are common complications observed during MTX treatment. Our study showed that MTX-induced intestinal mucositis also decreased the gastric emptying and gastrointestinal transit of liquids in awake rats.
We demonstrated that intestinal histological damage was mainly observed after a 3-day period of methotrexate treatment, followed by a complete mucosal recovery on the 7th day. We observed an increase in MPO activity in all intestine segments, which was also followed by a recovery, revealing the possible participation of neutrophil infiltration in MTXinduced intestinal mucositis. These results are in accordance with the literature. Miyazono et al. (14) demostrated that oxidative stress and neutrophil infiltration play an important role in MTX-induced small intestinal damage in rats. Duncan and Grant (5) . proposed that the inflammatory phase of chemotherapy-induced mucositis is initiated by a disruption in DNA synthesis, which impairs metabolism in the rapidly dividing progenitor cells of the epithelia. This can lead to mitotic inhibition, disruption of cell-cell and cell-substratum interactions and slight reduction in epithelial integrity. After those events, there is an increase in pro-inflammatory cytokine levels, and then the neutrophil infiltration.
The delay in both gastric emptying and gastrointestinal transit during MTX-induced intestinal mucositis could be due to an increase in gastric compliance and/or an increase in antro-duodenal resistance (8) . To the best of our knowledge, there are no studies available at present on the effect of MTXinduced intestinal mucositis on gastric compliance. One possibility is that MTX induced both gastric and intestinal damage, and then inflammation in the stomach induced a gastric dismotility. However, this is not the case, since there was no increase in MPO activity in the stomach during the MTX treatment (data not shown). Since gastrointestinal transit is the end result of gastric emptying and intestinal transit, the delay in gastrointestinal transit observed in MTX-induced intestinal damage could be entirely secondary to delayed gastric emptying. This result was in apparent contraction with Curd et al. (3) who demonstrated, in an intestinal transit model, that 3 days of parenteral therapy with MTX significantly increased rat intestinal transit. But it is not the case, because they measured only the progression of an intraduodenally administered of radioactive chromium through the small intestine. In these experiments, they did not evaluate the effect of MTX treatment in gastric motility (3) . One possibility is that MTX-induced gastrointestinal dismotility was a consequence of the inflammatory process in the intestine, observed during the intestinal mucositis. Since, we observed the delayed in gastric emptying and in gastrointestinal transit only when there was an inflammatory process. Since, in the 7th day of MTX treatment, we did not observe neither the inflammatory process nor the gastrointestinal dismotility.
In the last years, it is more apparent that inflammation changes nervous and mucosal function in the gastrointestinal tract. Acute onset of functional dyspepsia, post infectious gastroparesis, and post infectious irritable bowel syndrome are examples of this relationship (21) . In addition, there are several other results from experimental models that clearly show an interaction between inflammation and motility. Intestinal hypomotility and delayed gastric emptying have been shown to be characteristic in a mouse model of postoperative ileus (4) . It has also been shown that leukocytederived inducible nitric oxide (NO) plays an important role in the generation of intestinal inflammation and inhibits GI motility after manipulation in this ileus model (11) . It has also been shown in a rat model of hemorrhagic shock, that inducible NO contributes to the inflammatory changes in the gut wall and participates in cytokines expression that impairs the gut motility (10) . These observations clearly suggest that inflammation of the gastrointestinal tract causes significant alteration in gut motor function. In our result, we can not role out the participation of NO and other inflammatory mediators in the delay in gastric emptying and gastrointestinal transit observed during MTX-induced intestinal mucositis in rats.
In summary, our results indicate that MTX-induced intestinal mucositis is associated with a delay in gastric emptying and gastrointestinal transit of liquids in awake rats. These novel data suggest that there could be a pathophysiologically linked pathway between intestinal mucositis and the dyspepsia-like syndrome associated with MTX treatment. Métodos -Ratos Wistar, receberam metotrexato (2.5 mg/kg/dia por 3 dias, subcutâneo) ou salina. Após 1, 3 ou 7 dias, secções do duodeno, jejuno e íleo foram retirados para análise morfométrica e dosagem da atividade de mieloperoxidase (marcador bioquímico da infiltração de neutrófilos). Outros ratos foram pré-tratados com metotrexato ou salina, após 3 ou 7 dias, foram alimentados mediante gavagem com uma refeição teste e sacrificados após 10, 20 e 30 minutos. As retenções fracionais do corante no estômago e em três segmentos do intestino delgado foram determinados por espectrofotometria. Resultados -Após 3 dias do metotrexato, houve lesão do epitélio intestinal em todos os segmentos, com aumento da atividade de mieloperoxidase, no duodeno e íleo. Sete dias após o metotrexato, foi observada completa reversão da lesão intestinal. Observou-se ainda retardo no esvaziamento gástrico após 10 min, 20 min e 30 min, após 3 dias, mas não após 7 dias do tratamento com metotrexato. A retenção fracional dos segmentos do intestino foi reduzida no primeiro e segundo segmentos após 10 min, e no terceiro segmento após 30 min da administração da refeição, somente 3 dias após o tratamento com metotrexato. Conclusões -A mucosite intestinal induzida por metotrexato retarda o esvaziamento gástrico e o trânsito gastrointestinal de líquidos em ratos acordados. DESCRITORES -Mucosite. Metotrexato. Esvaziamento gástrico. Trânsito gastrointestinal. Ratos.
